Materials and methods

92
Culture of A. franciscana 93
A. franciscana cysts obtained from the Great Salt Lake (GSL) (INVE Aquaculture Inc., 94
Ogden, UT, USA), were hydrated for at least 3 h in distilled H 2 O on ice, collected by suction 95 filtration and incubated at room temperature in 1 µm filtered, UV treated and autoclaved salt 96 water from Halifax Harbour, NS, Canada, hereafter termed seawater. Unfertilized females 97 possessing a shell gland and thus containing cyst-destined oocytes were maintained in separate 98 wells of 6-well plates and used for cyst production. Animals were fed daily with Isochrysis 99 galbana from The Provasoli-Guillard National Center for Culture of Marine Phytoplankton, 100
West Boothbay Harbor, Maine, USA. The research described in this paper was performed in 101 accordance with the ethical guidelines provided by the Canadian Council on Animal Care 102 (CCAC). The University Committee on Laboratory Animals (UCLA) of Dalhousie University 103 D r a f t 6 Aldrich, Oakville, Ont., Canada). The plasmid DNA was employed as template for amplification 110 of p26 cDNA using previously designed primers (King and MacRae 2012) . Green fluorescent 111 protein (GFP) cDNA in the expression vector pEGFP-N1 (Clontech, Mountain View, CA, USA) 112 was used as template for amplification of GFP cDNA (Zhao et al. 2012) . PCR was carried out 113 with 0.2 mM Platinum® Taq DNA polymerase (Invitrogen) under the following conditions: 114 5 min at 94°C followed by 35 cycles at 94°C for 30 s, 61°C for 30 s, and 72°C for 60 s, then a 115 final incubation at 72°C for 7 min. The PCR products and GeneRuler 100 bp DNA Ladder 116 (Invitrogen) were resolved in agarose gels, stained with SYBR Safe ® (Invitrogen) and visualized 117 with a DNR Bio-imagining Systems MF-Chem/BIS 3.2 Gel Documentation System (Montreal 118
Biotech, Montreal, Quebec, Canada). p26 and GFP dsRNAs were synthesized using the PCR 119 products described above as templates (King & MacRae, 2012; King et al., 2013) . 120
Injection of A. franciscana females with p26 and GFP dsRNA 121
Sixty-eight mature females destined to produce cysts were injected with p26 dsRNA and 122 83 with GFP dsRNA (King and MacRae 2012) and 24 h post-injection each female exhibiting 123 normal swimming behaviour was incubated with a male for fertilization. Females were observed 124 daily under a dissecting microscope to determine the time of fertilization, marked by the fusion 125 of lateral egg sacs, and to monitor the release of cysts which were harvested 8-days post-release 126 to allow time for entry into diapause , washed 3 times with ice cold distilled water and collected 127 by centrifugation for 30 sec at 3000 x g. Cysts were dried in a fume hood for 1 min and stored at 128 Two hundred µg of cyst protein in 0.5 M dithiothreitol (Sigma D9163) was heated at 143 60°C for 30 min followed by 5 min at room temperature. The samples were sonicated (Branson 144 2800 water bath) at room temperature for 15 min, alkylated in 0.7 M iodoacetamide (Sigma 145 I6125) for 30 min at room temperature, diluted 6 X with H 2 O and digested overnight at 37°C 146 with trypsin at a ratio of 100:1 protein to trypsin. Subsequently, trifluoroacetic acid (TFA) 147 (Sigma T6508) was added to 0.1%, and the pH was reduced to less than 3 with 5 µl formic acid 148 (FA) prior to centrifugation for 1 min at 3000 x g. The acidified peptides were desalted using 149
QasisHLB desalting columns (PN WAT094226) conditioned once with 1 ml of 50% acetonitrile 150 D r a f t 8 done twice with 0.5 ml of 50% ACN in 0.1% TFA and once with 0.5 ml of 80% ACN in 0.1% 153 TFA. The eluted samples were dried in a SpeedVac (Thermo Electron Corporation SPD111V) at 154 20°C and reconstituted in 100 μl of 50 mM TEAB (500 µl 1M TEAB to 4.74 ml of H 2 O) before 155 sonication at room temperature for 15 min. 156
157
Isotopic labeling of peptides 158
Two hundred μg of protein digest from cysts containing and lacking p26 were differently 159 tagged by reductive methylation. For light labeling 8 μl of 37% (w/w) formaldehyde (Sigma 160 F8775) was added to the peptide sample prepared from cysts containing p26 whereas for heavy 161 labeling 15 μl of 20% (w/w) deuterated formaldehyde in D 2 O (Cambridge Isotope Laboratories. 162 DLM-805-20) was added to the peptide sample from cysts lacking p26. Each sample was mixed 163 and incubated for 5 min at room temperature. Seventeen µl of 6 M sodium cyanoborohydride 164 (NaCNBH 3 ) was then added to each sample followed by incubation for 1 h at room temperature. 165
Light and heavy samples were combined in a 1:1 ratio (v/v) and the pH of the labeled sample 166 was reduced to less than 3 with 1 µl TFA prior to desalting as described previously and drying in 167 a Speed Vac. 168
Reversed-phase high performance liquid chromatography (RP-HPLC) 170
Peptides were initially separated and fractioned by high pH RP-HPLC prior to liquid 171 chromatography coupled with tandem mass spectrometry (LC-MS/MS) analysis. Two hundred 172 µg of the labeled protein digest was suspended in 100 µl of suspension buffer (5% ACN, 10 mM 173 D r a f t 9 C18 column (Merck, Germany) for separation in an Agilent 1100 HPLC system (G1364C, 176 Agilent Technologies, Santa Clara, California, USA). For chromatographic separation the 177 column initially received buffer A (5% ACN, 10 mM ammonium formate, pH 8.0) for 3 min, 178 then a gradient of 100% to 64% buffer A over 57 min, followed by 100% buffer B (95% ACN, 179 10 mM ammonium formate, pH 8.0) for 5 min. Subsequently, the column was rinsed with 100% 180 buffer B for 14 min followed by 100% buffer A for 11 min. Thirty-seven fractions were 181 collected at 2 min intervals and dried using a Speed Vac. As drying occurred fractions at early, 182 middle and late stages, for example samples 2, 14, 26, were combined into 12 fractions which 183 were suspended in 50 µl of 3% ACN containing 0.1% FA. The samples were centrifuged for 5 184 min at 3000 x g and sonicated at room temperature for 15 min. Samples were further desalted 185 using the stage tip procedure (Rappsilber et al. 2007) greater. Peptide and fragment tolerances were set at 10 ppm and 0.6 m/z, respectively. 223
Acceptance threshold for peptides was e ≤ 0.1. The resulting LC-MS/MS file which contained 224 identified proteins was transformed into a biologically meaningful dataset as an Excel file. 225
Proteins that could not be identified by the procedures just described were blasted on different 226 web servers and the closest match with threshold e ≤ 0.1 was chosen. 227
The resulting data were simplified by using the filtration tool in Proteomic Discover and 228 checked manually to confirm protein identity. Gene ontology (GO) enrichment analysis was 229 utilized wherein the MS/MS detected proteins were mapped to the RefSeq of the equivalent D. GFP dsRNA (Fig. 1 ). Upon immunoprobing of western blots p26 was not observed in cysts 247 obtained from females injected with p26 dsRNA but was detected in cysts obtained from females 248 injected with GFP dsRNA (Fig. 1, inset) . 
The metabolic enzymes were divided into hydrolases, transferases, oxidoreductases, 268 ligases, isomerases, lyases, enzyme regulators such as kinases, helicases and deaminases (Fig.  269   3A) . The binding proteins were composed of 4 subgroups including those that interacted with 270 nucleic acids, proteins, calcium ions and phospholipids (Fig. 3B) . Structural proteins were 271 mainly ribosomal and cytoskeletal (Fig. 3C) , whereas the transport proteins were involved in 272 carbohydrate and lipid transport and other transport activities (Fig. 3D) . Proteins in the 273 translation group were protein synthesis, elongation and termination factors (Fig. 3E) . The last 274 four functional groups, not shown in Fig. 3 , consisted of receptors, one of which was a G-protein 275 coupled receptor, antioxidant enzymes of which 7 were peroxidases, signal transducers, a 276 heteromeric G-protein and one channel protein. 277 278 Proteins that disappeared from the diapause proteome upon p26 knockdown 279 Nine proteins, identified on the basis of a match with one peptide, disappeared from the 280 diapause proteome upon knockdown of p26 (Table 1) . Six of the proteins participate in genetic 281 information processing, 2 were metabolic enzymes and 1 mediated cellular processing 282 (apoptosis). One protein was unidentified. 283
284
Proteins that decreased but did not disappear from the diapause proteome upon p26 285 knockdown 286
Eleven proteins in the diapause proteome of A. franciscana decreased by 50% or more 287 upon knock down of p26 (Table 2 ) and of these 6 functioned in genetic information processing, 3 288 mediated environmental information processes and 2 were not identified. 289 290 D r a f t
Proteins that appeared in the diapause proteome upon p26 knockdown 291
Thirty-five proteins appeared in the proteome of p26 knockdown cysts of which 34 were 292 identified by a match to one peptide (Table 3) . Eighteen of the proteins participated in genetic 293 information processing, 10 in metabolism and 6 in environmental information processing. One 294 protein was unidentified. 295
Proteins normally present in the diapause proteome that increased upon p26 knockdown 296 Twenty-two proteins increased by at least 2-fold in the diapause proteome when p26 was 297 knocked down (Table 4) procaspase-3 and it was proposed that these proteins are substrates of HSP27 (Gibert et al. 2012) . 361
The lens of double knockout mice lacking the sHsps αA-and αB-crystallin exhibited reduced 362 amounts of titin, hemoglobin subunit α and the enzymes glucose-6-phosphate isomerase, retinal 363 dehydrogenase 1, glutamate dehydrogenase and ATP synthase involved in resistance to oxidative 364 stress and metabolism (Andley et al. 2013) . The knockdown of sHSP26 in maize, Zea maya 365 affected 45 proteins most of which were chloroplast proteins (Hu et al. 2015) . Three nuclear 366 proteins declined in amount after sHSP26 knockdown and of these only a calmodulin binding 367 protein was identified. 368
Proteins that appeared in the A. franciscana diapause proteome or increased in amount 369
upon p26 knockdown 370
The loss of p26 also resulted in either the appearance of, or the increase in, fifty-seven 371 proteins, many of which were metabolic enzymes, suggesting that p26 reduces metabolism 372 during embryogenesis and in preparation for diapause by inhibiting their synthesis. Proteins 373 appearing upon the loss of p26 and which regulate the cell cycle, cell growth, gene transcription 374 and protein homeostasis included proteasome 26S subunit non-ATPase 9, E3 binding protein, 375
Rpn1 subunit, Ras-related protein Rab-18, eukaryotic translation initiation factor 3 subunit B and 376 ribosomal protein L6. Should p26 repress their synthesis then development would cease or slow 377 down as occurs in diapause-destined embryos and metabolism would be suppressed as in 378 diapausing cysts. 379
Small ribonucleoprotein particle U1 subunit 70K, isoform C (smRNP-U1-70K), which 380 increased 7-fold upon the loss of p26, regulates RNA splicing (Krämer 1995) , an ATP requiringD r a f t process that is unlikely to function during diapause. Importin α, a transporter of proteins into the 382 nucleus, increased three-fold upon the loss of p26, suggesting that its synthesis is inhibited by 383 p26. p26 may suppress the synthesis of snRNP-U1-70K and importin α during diapause because 384 they mediate RNA splicing and protein transport, both energy requiring processes that would be 385 suppressed in dormant cysts. 386
Considering the functions of the proteins that appeared or increased upon knockdown 387 suggests that p26, perhaps with other regulator(s), inhibits the synthesis of proteins active in 388 promoting growth which halts development. with GFP dsRNA (blue) and p26 dsRNA (red). Inset, To confirm knockdown 25 μg of protein extract from cysts produced by females injected with either GFP dsRNA (1) or p26 dsRNA (2) was resolved in SDS-polyacrylamide gels, transferred to nitrocellulose and probed with a polyclonal antibody raised in rabbit to p26, followed by HRP-conjugated goat anti-rabbit IgG antibody. 
